Right bundle branch block was produced in dogs, and activation of the free wall of the right ventricle was studied by means of multipolar electrodes. After block, accession spread radially at the earliest activated endocardial point and tangentially at later activated points. Direct current stimulation of selected endoeardial points resulted in patterns of activation resembling those obtained after right bundle branch block in controls and after block. It is concluded that the Purkinje network does not participate in normal fashion in endocardial spread of the excitation impulse after right bundle branch block. P ROLONGATION of the QRS interval and delayed activation of the right ventricle in experimental right bundle branch block are due largely to unidirectional activation of the ventricular septum from left to right. 1 ' 2 Although the order of activation of the free wall of the right ventricle is grossly altered after block, it is not clear whether or not endocardial spread of the excitation impulse is dependent upon the specialized endocardial conducting system. The purpose of these experiments was to determine the nature of endocardial spread and to determine what peculiarities, if any, of right ventricular conduction exist after right bundle branch block.
Right bundle branch block was produced in dogs, and activation of the free wall of the right ventricle was studied by means of multipolar electrodes. After block, accession spread radially at the earliest activated endocardial point and tangentially at later activated points. Direct current stimulation of selected endoeardial points resulted in patterns of activation resembling those obtained after right bundle branch block in controls and after block. It is concluded that the Purkinje network does not participate in normal fashion in endocardial spread of the excitation impulse after right bundle branch block. P ROLONGATION of the QRS interval and delayed activation of the right ventricle in experimental right bundle branch block are due largely to unidirectional activation of the ventricular septum from left to right. 1 ' 2 Although the order of activation of the free wall of the right ventricle is grossly altered after block, it is not clear whether or not endocardial spread of the excitation impulse is dependent upon the specialized endocardial conducting system. The purpose of these experiments was to determine the nature of endocardial spread and to determine what peculiarities, if any, of right ventricular conduction exist after right bundle branch block. METHODS Ten mongrel dogs were anesthetized with pentobarbitiil 25 mg./Kg. intravenously. The heart was exposed through a horizontal trans-sternal approach. Pericardial flaps were reflected to expose the surface of the ventricles and form a cradle for the heart. Two pairs of electrodes were inserted into the right ventricular muscle perpendicular to its surface, one pair close to the septum and the other pair in the free wall in the apical and conus regions. The electrodes were constructed from clear plastic, molded around no. 36 enameled copper wire, and were approximately 1.2 mm. in diameter. The first point was situated at the tip and points 2 and 3 were located at 2 mm. intervals along the shank. The fourth wire was movable parallel to the shank so that its tip could touch the epicardial surface after the body of the electrode had been imbedded in the myocardium. The electrodes were fastened securely in place by small plastic holders sewn to the epicardial surface. The exact location of the electrode points was verified anatomically at the conclusion of each experiment. A fifth electrode was fastened on the surface of the left ventricle to serve as the source for the reference lead from unblocked muscle. The exact positions of the electrodes from animal to animal could not be duplicated, but they were approximated as closely as the topography of the right ventricle would permit. The electrodes were rotated in random fashion to minimize the effects of slight differences in electrode construction.
The right bundle was severed by introducing an iridectomy knife through the anterior wall of the ventricle. Completeness of block was determined by the presence of a large positive initial endoeardial potential and a maximum negative deflection at lead V K . An oscilloscope permitted monitoring of any two leads simultaneously.
A direct current stimulus of 0.004 sec. duration and of sufficient intensity to pace the heart at a rate slightly faster than the sinus rate was applied to each endocardial point before and after block. A Grass direct current stimulator served as the source for the stimuli.
Unipolar and bipolar potentials were recorded before and after right bundle branch block on a Hathaway 5 channel oscillograph modified to provide proper attenuation and an infinite input resistance. The galvanometers of this system were highly sensitive and had a natural frequency response of 0 to 150 c.p.s. All records were made at a paper speed of 4 in./sec. The time in seconds when the peak of R is inscribed with reference to the electrode in the left ventricle (LV) is noted by each complex. It is prefixed by a minus sign when the peak of R of the exploring electrode occurs before the peak of R of the reference electrode. The change in form of LV is a constant finding after RBBB. All records are at N/20 standardization. The interval between time lines is 0.1 see.
The peak of R of each lead was measured along with the peak of R of the reference electrode using a Cambridge universal measuring machine. Six complexes of the unipolar leads were measured and averaged. Three complexes in each lead of the bipolar records and three complexes in each lead after direct current stimulation were averaged. The measurements were made of the peak of R rather than of the time when the intrinsic deflection crossed the base line or of the duration of the intrinsic deflection, because the base line was disturbed at times by R-ST junction displacements apparently due to small persistent currents of injury. Also the initial portion of the intrinsic deflection was never defined sharply enough to be measured accurately. Since the peak of R represents the time when the accession process reaches the electrode (but has not yet passed it), this time is somewhat shorter than the exact time of onset of the intrinsic deflection or the time when the intrinsic deflection crosses the base line. Measurements made of the peaks of R proved most accurate and reproducible. Differences that were greater than 0.0002 sec. could be identified with certainty. After the complexes had been measured the earliest point activated was extrapolated to zero time and all other measurements were corrected to this value. The values were then plotted on a graph so that the time when the accession process reached points 1 through 4 on each electrode could be visualized. Comparison of the graph derived from the control values was then made with that obtained after right bundle branch block and after stimulation of the individual endocardial points (figs. 1 and 2).
RESULTS
Control Observations. The endocardial points of all 4 electrodes were activated within an average interval of 0.0079 sec. (range 0.0036 to 0.0193). Activation of the free wall began 0.0203 sec. before the peak of R in the left ventricular reference lead, and was completed in 0.0226 sec. (fig. 1 ). The earliest point activated was most often in the apical region close to the septum, and the latest point was usually in the apical region away from the septum (table 1). The spread through the free wall was radial from endocardial to epicardial surface. It was slightly more tangential at the regions activated last. Stimulation of any one subendocardial point produced an altered order of ventricular accession ( fig. 3 ) : spread was radial at the point of stimulation .0526>
RBBB=after right bundle branch block; <=bcfore peak of R of reference electrode; >=after peak of R of reference electrode; Endo=subendocardial point in RV; Epi=epicardial point in RV; FW=free wall away from septum; S=frec wall near septum; C=conus region of RV; and A=apical region of RV. and tangential at distant electrode points. The exact form was dependent upon the site of stimulus, and simulated the pattern of right bundle branch block when the stimulus was applied to the endocardial point activated earliest, and showed an even greater delay in activation of the remote electrode points.
After Right Bundle Branch Block. The earliest point activated was the apical subendocardial point near the septum in all experiments. The latest point was most often the conus region away from the septum. Endocardial spread was approximately 3.5 times slower than in controls and occurred in 0.0235 sec. (range 0.0142 to 0.0307) from the earliest to the latest activated point (table 1) . Activation of the free wall began 0.0205 sec. (range 0.0026 to 0.0500) after the peak of R in the left ventricular lead and was completed in 0.0526 sec. (range 0.0310 to 0.0887; see figure 1). Spread appeared to be radial at the earliest point activated where the time difference at successive electrode points was greatest, and tangential at later activated points where the least time difference between successive electrode points occurred. Stimulation of the ventricle at the earliest activated subendoeardial point produced a pattern of accession of the ventricle identical to stimulation of the same point prior to block. The form of the bipolar leads remained unchanged after right bundle branch block ( fig. 4 ).
DISCUSSIOX
In the normal right ventricle rapid excitation of the endocardial surface leads to a gen- eral radial spread through the free wall. If endocardial spread were instantaneous, radial spread would be perfect through every region of the ventricular muscle. "With radial spread the time required for mural depolarization is greater than that required by tangential spread. Radial and tangential spread are differentiated by the time required to activate successive points in a given electrode. With tangential spread the first point activated may at times even be on the epieardial surface. Slowing of the spread of the impulse over the endocardial surface results in a greater tangential component than the radial component. 3 The tangential form of spread after right bundle branch block and from stimulation of an endoeardial point results from failure of the excitation impulse to spread rapidly to all. endoeardial points. It occurs when activation proceeds from a single point. 3 If spread were rapid over the endocardial surface, radial spread through the free wall would occur in a normal fashion despite the delay imposed by activation of the septum from left to right. Therefore it is uulikelv that mural depolarization employs the Purkinje network after right bundle branch block. Delay in epieardial activation after right bundle branch block has been interpreted 4 as being due to impaired conduction by the Purkinje network, but intramural and endocardial conduction were not measured.
Delay of activation of the remote electrode points was greater after stimulation of the earliest endocardia] point than that encountered in right bundle branch block. If stimulation of the endocardial surface had proceeded from a single point after block, the pattern of accession would resemble quantitatively that obtained by stimulation of the earliest endocardia] point. This difference suggests that endocardial spread after right bundle branch block proceeds from several points in a small area rather than from a single point.
The details of right ventricular accession studied in the area bounded by the electrodes are probably representative of the entire free wall of the ventricle. The general order of activation of the right ventricle after right bundle branch block has been presented by Brickson et al. 1 "With one exception (an endocardial point near the septum in the conus region) an R was inscribed throughout the thickness of the right ventricular myocardium. These observations conflict with previous observations 5 that positive potentials prevail only in the superficial epicardial layers of the right ventricle.
Analysis of the bipolar leads did not contribute additional information. This is to be expected, because the bipolar lead records the difference in potential between two unipolar points. The peak of R of the bipolar lead is written at the time when one electrode is maximally positive and the other maximally negative and occurs when the accession process is midway between the two electrodes. Measurements from the peak of R rather than from the intrinsic deflection resulted in differences of about 0.0020 sec. shorter than those calculated directly from the bipolar leads.
The intrinsic deflection cannot be used to estimate the thickness of the ventricular muscle after right bundle branch block because such estimates are accurate only if mural spread is radial. After right bundle branch block, spread is tangential at most epicardial points and is radial only at the points earliest activated. The intrinsic deflection bears little relation to the thickness of the wall.
SUMMARY
Ten experiments were performed on dogs to determine if alterations in endocardial spread and right ventricular conduction occur with right bundle branch block. After right bundle branch block, accession spread radially at the earliest point activated and tangentially at later regions, endoeardial activation preceding epicardial. Endocardial spread was slower after right bundle branch block. Conduction through a specialized syncytium was either absent or greatly altered. The pattern of activation of the right ventricle after right bundle branch block resembled that obtained by electric stimulation of a single endocardial point before block. After right bundle branch block, activation of the right ventricle appeared as though it proceeded from several points in a small area. The tangential pattern of spread after right bundle branch block precluded an estimation of right ventricular thickness by measurement of the time of onset of the intrinsic deflection. An R was recorded at all points in the ventricular wall from endocardial to epicardial surfaces. Bipolar leads did not contribute additional information.
